rents avec ceux de l'experience de Silvera-Walraven : ti savoir qu'ils impliquent que H4 peut Stre stabilise dans de telles conditions lorsqu'on utilise un enduit de "He sur la paroi du recipient.
Abstract.-We consider aspects of theoretical sensitivities, spin-relaxation, and radiation dampiqg in proposed low temperature ESR vs. NMR studies on spin-aligned hydrogen (H4). Also considered are experimental design features. Results are described in a preliminary report of experiments on H+ at 0.1 -0.5OK at 60 kG using bolometer detection. They are consistent with the Silvera-Walraven experiment: viz they imply that H4 may be stabilized under these conditions when a surface coating of 4~e is utilized.
The Cornell group has been interested in 2 temperatures and to (aiyi) for very low temperastudying spin-aligned hydrogen (H4) by means of tures, [where i = e or p, wi is the resonant fremagnetic resonance techniques including both NMR quency, and a 2 1 but a is the correction factor e P and ESR /I/. While these experiments are being for the electron-spin contribution to the "effecdeveloped in our laboratories we have been working tive" nuclear moment /4/ which for H+ at 100 kG and on repeating the,Silvera-Walraven /2/ experiments w = 1.1 GHz is a = 2.661, then extremely large P P gn stabilizing Hr. We consider both aspects of our sensitivity enhancement could, in principle, be program in this report. expected for ESR vs. NMR, enabling, if necessary, the use of very small samples. However, instru-
I. Some Considerations for ESR vs. NMR Experiments
While we believe ESR vs. NMR studies will complement each other, we wish to compare their relative potential here. Probably the most important single potential virtue of the ESR experiment is its greater theoretical sensitivity, since the ratio of gyromagnetic factors ve/yp = 658.
Since the imaginary part of the rf susceptibi-2 l i t 1 ! 3 ! :
is proportional to wi (ai yi) for high mental factors (as well as spin relaxation factors)
can be expected to mitigate somewhat the actual sensitivity differences.
The most important single virtue of the NMR experiment is the fact that it maintains the spin aligned state, although it interconverts H4 between two kinds of "Bose states" /5/. Actually, there is good reason to believe that the ESR experiment, although it flips electron spins, will nevertheless maintain the spin-aligned state to a high degree.
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That i s , provided t h e resonant r a d i a t i o n f i e l d s are coherent (and i n phase) over t h e sample, the i n t e r a c t i o n w i t h t h e H+ spins over the sample leads t o a term i n t h e s p i n Hamiltonian f o r t h e ensemble o f spins which commutes w i t h zT, t h e t o t a l e l e c t r o n s p i n operator o f t h e ensemble. Thus, if 1 i n i t i a l l y ST = N and i s along t h e negative zaxis, then t h e e f f e c t o f t h e coherent r a d i a t i o n f i e l d w i l l n o t modify ST, b u t i n s t e a d w i l l t i p the f u l l spin-aligned s t a t e r e l a t i v e t o the dc magnetic f i e l d . Thus, even when t h e r a d i a t i o n f i e l d i s on, any c o l l i s i o n o f a p a i r o f H atoms w i l l s t i l l have predominant t r i p l e t character, which i s nonreactive/6a/.One may i n q u i r e whether TI processes, which a r e incoherent, could then a c t t o destroy t h e spin-alignment during those periods when xT i s t i p p e d r e l a t i v e t o ! & , . That t h i s may n o t be a serious problem i s suggested f i r s t o f a l l by t h e f a c t t h a t the end r e s u l t o f the T1 processes w i l l be t o r e a l i g n zT along I&, i.e., even an incoherent TI process w i l l t r a n s f e r t h e H+ from one o r i e n t at i o n r e l a t i v e t o $ t o another, t h e ground state.
There i s even f u r t h e r reason t o ignore t h e incoherent e f f e c t s o f TI since, f o r high concent r a t i o n s , our rough estimates o f T1 and T2 processes suggest t h a t the dominant process (both for ESR and NMR) wi1,l be due t o r a d i a t i o n damping, a coherent process, which would o n l y r e o r i e n t zT and n o t change the nature o f t h e spin-aligned s t a t e /3/. I n p a r t i c u l a r , we have considered t h e low temperature s p i n r e l a x a t i o n mechanisms f o r gasphase H t of: 1 )Spin exchange; 2)Motionally-narrow- 1014/cc and l o 7 sec-' f o r N/2 = 10 /cc. This l a t t e r value i s appreciably greater than t h a t f o r any incoherent TI o r T2 process noted above. On t h e P other hand, t h e a n a l y s i s f o r NMR where Mo = 2 g#, , replaced by c y one has 100, 420, 4.2 x 10 3 P P' sec-I , r e s p e c t i v e l y , f o r T = 4", lo, O.l°K, and again these values are much l a r g e r than nuclear Tlls o r T2's estimated above.
Inhomogeneous 1 i n e broadening wi 11 r e s u l t from the f i e 1 d inhomogeneity, which however wi 11 be reduced by t h e f i e l d confinement e f f e c t followed by a f r e e i n d u c t i o n decay experiment. However, since t h i s i s a coherent e f f e c t , i t should cancel o u t i n s p i n echo-type experiments w i t h a 90" pulse followed by n-180" pulses / 3 / .
(due t o t h e Boltzmann d i s t r i b u t i o n o f H+ pressure i n s i d e and o u t s i d e t h e f i e l d ) . Guessing a t nominal values
Other e f f e c t s , which w i l l cause l i n e broadening due t o l i f e t i m e -u n c e r t a i n t y , i n c l u d e recombination o f H-atoms ( h o p e f u l l y suppressed a t very high f i e l d s and very low temperatures) and a f i n i t e residence time o f t h e H-atoms i n the d e t e c t i o n region /1/ which should be suppressed by the f i e l d confinement e f f e c t and by proper experimental design). W e do note, however, t h a t t h e recombination r a t e would vaporize when i t reached a p o i n t i n t h e tube where temperature was high enough such t h a t the vapor pressure was no longer n e g l i g i b l e . SW pointed o u t t h a t the cryopumping o f t h i s He vapor causes i t t o r e f l u x back toward t h e sample chamber, thereby e n t r a i n i n g t h e H atoms i n a manner s i m i l a r t o t h e a c t i o n o f a d i f f u s i o n pump. I n the present experiment, some 4~e gas was condensed i n t o the sample chamber i n order t o prevent w a l l recombina-
lead t o complete on-resonance e x t i n c t i o n o f t h e i n c i d e n t FIR r a d i a t i o n f o r higher concent r a t i o n s o f H4, and a1 1 cases o f expected N would s t i l l be detectable. A f t e r t h e i n i t i a l studies w i t h C W methods, we would expect t o employ complimentary pulse methods and/or a d i a b a t i c -f a s t passage.

P r e l i m i n a r y Observations o f H+ a t Low Temperatures An e f f o r t i s p r e s e n t l y under way t o s t a b i l i z e and detect atomic hydrogen i n high magnetic f i e l d s and a t low temperatures by techniques s i m i l a r t o those o f S i l v e r a and
t i
o n . I t was necessary t o l i m i t the f i l m t h i c kness t o s l i g h t l y below s a t u r a t i o n i n order t o keep
the sample temperature below about 0.5 K, however.
Thinner f i l m s gave lower heat leaks and correspondingly lower temperatures f o r the d i l u t i o n r ef r i g e r a t o r mixing chamber and t h e sample chamber.
The magnet used f o r t h e t r a p p i n g and p o l a ri z i n g f i e l d i n these experiments was a 60 kilogauss 2 i n c h bore niobium-titanium magnet run i n t h e non-persistent mode. The experimental procedure followed was t o measure t h e voltage across one o f the bolometers w h i l e t h e c u r r e n t through the bolometer was slowly varied. With no hydrogen present, an increase i n bolometer c u r r e n t would lead t o a steady r i s e i n voltage i n accordance w i t h Ohm's law, since t h e bolometer was held a t more o r l e s s constant temperature by the f i l m . When the heat i n t o t h e bolometer became t o o large, t h e f i l m f l o w c o u l d no longer m a i n t a i n t h e bolometer a t a steady temperature so t h a t i t would heat up, leading t o evaporation o f t h e f i l m . For subsequent c u r r e n t increases the bolometer would f o l l o w a new c h a r a c t e r i s t i c curve. When t h e c u r r e n t was reversed, a s i m i l a r p a t t e r n was observed f o r t h e I -V c h a r a c t e r i s t i c , w i t h much l e s s h y s t e r e s i s between t h e increasing and decreasing c u r r e n t chara c t e r i s t i c curve than was found by SW.
When hydrogen was present i n t h e c e l l , the I -V c h a r a c t e r i s t i c displayed a sudden downward spike i n bolometer voltage a t t h e p o i n t where t h e f i l m begins t o evaporate. T h i s spike was a l s o observed by SW, who i n t e r p r e t e d i t t o be a consequence o f sudden heating as t h e H atoms i n t h e sample r e - 
o o t h v a r i a t i o n o f bolometer current. Time s t a r t s on t h e r i g h t hand s i d e o f t h e f i g u r e
. The c u r r e n t increases u n t i l a p l a t e a u ' i s reached corresponding t o b o i l i n g t h e 4He f i l m away from t h e bolometer. Trace A shows t h e bolometer response w i t h a 60 kG f i e l d on a f t e r 10 minutes o f H atom accumulation. The small downspike a t t h e break i n slope o f t r a c e A corresponds t o heating by recombination o f H atoms. Trace B gives t h e bolometer response a f t e r 10 minutes o f H atom f l o w w i t h zero magnetic f i e l d . No downspike i s observed. Trace C shows the bolometer response curve taken a f t e r t h e f i e l d was ramped up from 0 t o 60 kG i n a p e r i o d o f 15 minutes followed by a 10 minute p e r i o d a t 60 kG. A l a r g e r recombination f e a t u r e can be observed.
From t h e s i z e o f the bolometer spikes, p r e l i m i n a r y estimates o f t h e hydrogen atom concentration were made by comparing the bolometer s i g n a l s produced by t h e presumed H atom recombination w i t h heating spikes created by i n t r o d u c i n g e l e c t r i c a l heating pulses o f known magnitude i n t o t h e bolometer.
The heating o f t h e bolometer was t y p i c a l l y on t h e order o f the heat l i b e r a t e d by 10'' H atoms per 3 cm recombining t o form H p molecules. S W have estimated t h a t t h e e f f i c i e n c y o f t h e i r bolometers i n d e t e c t i n g recombination i s 2 1% because n o t a l l t h e recombination energy i s deposited on t h e bolometer. With t h i s assumption, we conclude t h a t our H atom concentration was t y p i c a l l y 1013 per 3 cm o r perhaps l a r g e r when c o r r e c t i o n s f o r pulse width are made.
A l l measurements so far have been performed w h i l e the microwave discharge was running and t h e c e l l was being loaded. Loading periods l a s t e d as l o n g as 2 hours. I t was g e n e r a l l y found t h a t t h e concentration increased w i t h loading time.
The accumulation o f hydrogen over 1 ong 1 oading times i s strong evidence i n favor o f l o n g l i f etimes against recombination f o r t h e atomic hydrogen sample. It was found t h a t i n t h e absence o f a magnetic f i e l d t h e downward spike corresponding t o t h e hydrogen recombination signature was absent from the c h a r a c t e r i s t i c curve o f t h e bolometer, apparently i n d i c a t i n g t h a t s p i n p o l a r i z a t i o n o f the hydrogen leads t o s t a b i l i t y against recombination and thus allows hydrogen atoms t o accumulate i n the sample c e l l .
I n t h e immediate future', l i f e t i m e measurements s i m i l a r t o those o f S W w i l l be conducted i n which, a f t e r a period of accumulation, the microwave discharge and H atom f l o w w i l l be turned o f f and t h e bolometer w i l l be monitored a f t e r w a i t i n g an i n t e r v a l o f time. By studying t h e bolometer s i g n a l as a f u n c t i o n of t h e time i n t e r v a l i n a s e r i e s of measurements, the decay o f t h e H sample can be studied. These experiments can be performed f o r a v a r i e t y o f d i f f e r e n t sample chamber temperatures and magnetic f i e l d strengths.
A number o f improvements are being made i n the experiment. B a f f l e s heat sunk t o t h e s t i l l w i l l be placed i n t h e hydrogen i n l e t tube t o prevent d i r e c t passage o f r e f l u x i n g helium gas i n t o the sample chamber. This should allow lower temperature operation even w i t h saturated helium As t h e helium l e v e l r i s e s , i t closes o f f the H atom i n l e t tube, and so t h e remaining atoms i n t h e c e l l are compressed i n t o t h e small diameter upper section. ( I n order f o r t h i s scheme t o be e f f e c t i v e , the heat l e a k must be eliminated, poss i b l y using the e x t r a b a f f l e s a t t h e s t i l l t e m~e ra t u r e mentioned i n t h e previous paraaraph.) T t i s hoped t h a t d e n s i t i e s h i g h enouqh t o observe t h e Bose-Einstein condensed s t a t e can be achieved. The ESR transmission technique discussed e a r l i e r can be used t o r stuaying s n~a i l sample geometries. Andrei Ruckenstein f o r s t i m u l a t i n g discussions.
